Introduction: Flibanserin, a treatment for hypoactive sexual desire disorder, carries warnings for increased risk of severe hypotension and syncope when used with alcohol. However, these warnings are not informed by studies that used flibanserin's recommended bedtime dosing because previous alcohol studies assessed flibanserin's safety during the day.
INTRODUCTION
Flibanserin is a multifunctional serotonin (5-HT) agonist and antagonist that is approved in the United States and Canada for the treatment of acquired, generalized, hypoactive sexual desire disorder (HSDD) in premenopausal women. 1À4 HSDD is the most prevalent sexual health problem in pre-and postmenopausal women 5 and is most succinctly defined as the persistent or recurrent deficiency or absence of sexual fantasies and desire for sexual activity with marked distress or interpersonal difficulty; not otherwise accounted for by a general medical or psychiatric condition. 6 Preclinical studies suggest that flibanserin activates 5-HT 1A receptors and blocks 5-HT 2A receptors in the prefrontal cortex that ultimately stimulate dopaminergic and noradrenergic neural circuits to restore sexual desire. [7] [8] [9] [10] Consistent with its activity at serotonin receptors, the most common side effects associated with flibanserin are dizziness, somnolence, and nausea, affecting !10% of premenopausal women with HSDD in placebo-controlled studies. 2 The original prescribing information for flibanserin included a boxed warning regarding risk of severe hypotension and syncope with concomitant alcohol use. 2, 3 Although previous alcohol interaction studies have examined the effects of daytime dosing of flibanserin and ethanol intake, 11À13 the effects of alcohol on flibanserin safety in a real-world context when alcoholic beverages are consumed in the evening and in moderation, and flibanserin is taken at bedtime, have not been adequately evaluated. To this end, the objective of the present study was to evaluate the effects of moderate amounts of ethanol consumption with an evening meal on the safety and tolerability of flibanserin taken at bedtime (per prescribing information) in healthy premenopausal women.
MATERIALS AND METHODS
Study conduct was consistent with ethical principles of the Declaration of Helsinki and the Good Clinical Practice guidelines of the International Conference on Harmonization. The study protocol was approved by Quorum Review (Seattle, WA) and all participants provided written informed consent.
Study Subjects
All subjects were healthy volunteers providing informed consent and responded to advertisements approved by Quorum Review. Volunteers were offered monetary compensation (US $1,600) for time devoted to study participation and an additional monetary incentive (US $400) for completing the study. Healthy, premenopausal women aged 18 to 55 years with body mass index 18e35 kg/m 2 were enrolled. Other major inclusion criteria were a history of regular menstrual cycles during the preceding 6 months, use of a reliable form of contraception during the study, and regular sleep pattern with bedtime occurring between 22:00 and 24:00 hours. All participants were required to have a history of average consumption of !2 alcoholic beverages per week but no current or recent (within the last 12 months) history of heavy alcohol intake, defined as an average of >7 standard drinks with ethanol per week (1 standard drink in the United States ¼ 14 g pure ethanol, approximating the alcohol content in 12 ounces of beer with 5% ethanol or 5 ounces of wine with 12% ethanol or 1.5 ounces of distilled spirits with 40% ethanol). 14 Exclusion criteria included pregnancy or lactation; hepatic impairment or any other clinically significant medical condition; a history of seizure disorder, orthostatic hypotension, hypotensive events, fainting spells, dizziness, or blackouts; presence of orthostatic hypotension, a resting supine systolic blood pressure <110 mm Hg or diastolic blood pressure <60 mmHg at screening; history of alcohol or other substance dependence (including binge drinking) or treatment for alcohol or other substance abuse within the past 2 years; inability to metabolize alcohol (as determined by unpleasant rapid-onset reactions, such as nasal congestion and skin flushing, after drinking alcohol).
Other key exclusion criteria were tobacco use (>10 cigarettes per day or inability to abstain while confined to the clinical research unit), a positive urine test for drugs of abuse (amphetamines, methamphetamines, barbiturates, benzodiazepines, cocaine, cannabinoids, and opiates) or a positive breath test for ethanol at screening, and receipt of any investigational product or participation in any clinical trial within the previous 30 days. Use of concomitant prescription medications, herbal supplements, and over-the-counter products was prohibited, except for hormonal contraceptives and stable-dose (!30 days) of thyroid medication.
Study Design
This was a single center, randomized, double-blind, placebocontrolled, 2-period, 4-treatment crossover study conducted between June 2018 and July 2018. A randomized block design was used. Subjects were randomized in a 1:1 ratio to receive either flibanserin 100 mg or placebo (tablets were identical in appearance and size) in treatment period 1, and the alternative therapy in treatment period 2 with a 5-day washout between treatment periods ( Figure 1 ). A pharmacy within the clinical research facility managed the randomization and dispensing of blinded study medication. Pharmacy staff did not otherwise participate in the execution of the study protocol and did not interact with any of the study subjects. Subjects were instructed to take 1 tablet at bedtime with a glass of water for the first 3 days at home in order to achieve steady state. 2 Subjects completed a dosing diary to ensure treatment compliance while at home. Subjects reported to the clinical research unit (which includes clinic, pharmacy, dormitory style lodging, and dining facilities) on the morning of day 4. At 18:30e20:00 hours of study days 4 and 6, subjects were provided up to 2 units of wine (1 unit ¼ 5 fluid ounces or 150 mL of 12% ethanol) or up to 2 glasses of matching nonalcoholic beverage during a 3-course evening meal. This amount of wine consumption falls within the definition of moderate ethanol intake, defined as 2 servings of either 12 ounces of beer with 5% ethanol content, 5 ounces of wine with 12% ethanol content or 1.5 ounces of 80-proof spirit. The amount of wine or nonalcoholic beverage consumed was recorded after the evening meal. Flibanserin 100 mg or placebo was administered 5 minutes prior to bedtime (22:30 hour) and subjects were awakened 8 hours after dosing (06:30 hour).
Subjects were maintained on flibanserin or placebo at bedtime on day 5. On day 6, subjects were provided the alternative beverage (up to 2 units of wine or matching nonalcoholic beverage) with the same 3-course evening meal provided on day 4, following the same time schedule. Beverage consumption was recorded and either flibanserin or placebo was administered at bedtime, as previously described. On days 4 and 6, vital signs were measured prior to the evening meal, prior to drug administration, and after waking the next morning unless a subject was awakened during the night and experienced signs and symptoms of hypotension. Subjects were discharged from the clinical research unit on day 7 after all postdose procedures had been completed or at the discretion of the research staff.
Assessments
Medical assessments were performed by clinical research staff who were the equivalent of physician assistants or registered nurses and were supervised by a medical doctor. Safety assessments included adverse event (AE) monitoring, measurements of vital signs, and physical examination findings. AEs were coded according to the Medical Dictionary for Regulatory Activities version 21 and classified according to chronological criteria. The primary end point for this study was the proportion of subjects who experienced syncope or orthostatic hypotension associated AEs of special interest requiring medical intervention, such as Trendelenburg position or smelling salts to prevent significant increase in severity in AEs. Secondary end points included the proportion of subjects with orthostatic hypotension, defined as a drop in systolic blood pressure of !20 mmHg from the supine to the standing position and/or a drop in diastolic blood pressure of !10 mmHg from supine to standing position 15 ; the proportion of subjects experiencing symptomatic orthostatic hypotension (onset of dizziness, light-headedness, or faintness after change of position) that resulted in no standing blood pressure measurement; the proportion of subjects who experienced hypotension, defined as systolic blood pressure <90 mmHg and/or diastolic pressure <60 mmHg; and rates of syncope, orthostatic hypotension, dizziness, and somnolence, defined as events of interest.
RESULTS
A total of 59 volunteers were screened, 27 were assigned as potential candidates, and 24 subjects were enrolled with an age range of 18e51 years (mean ± SD ¼ 34.5 ± 9.9 years) and mean body mass index of 25.2 ± 3.4 kg/m 2 (Table 1) . Volunteers were excluded (n ¼ 32) for out of range vitals or laboratories, medical history, substance abuse habits, gynecologic history, or other reasons that included inability to adhere to protocol requirements. Self-reported alcohol consumption at screening for those enrolled into the study ranged from 2e6 drinks per week (mean ± SD ¼ 3.1 ± 1.2 drinks/week). Most subjects (n ¼ 22) completed both treatment periods and 2 subjects discontinued after enrollment. One of the subjects who discontinued was randomized to flibanserin during treatment period 1 and provided study medication but did not report for check-in at the clinical research unit on day 4. This subject was not assessed for AEs and was excluded from the safety analysis. A second subject who was randomized to placebo during treatment period 1 withdrew consent after reporting to the clinical research unit on day 4. Although a treatment diary was not submitted, medication vials were returned empty and it was assumed that all tablets were taken as directed. This subject reported no AEs and was included in the safety analysis for nonalcohol exposure days. 
Days with No Alcohol Consumption
A total of 16 AEs were reported by 10 subjects (43.5%) taking flibanserin and 10 AEs were reported by 6 subjects (26.1%) taking placebo on days with no ethanol intake. There were no deaths and no serious AEs. As shown in Table 2 , the only events that occurred in 2 or more subjects taking flibanserin were headache (6 events in 5 subjects) and hypotension (3 events in 3 subjects). Headache and hypotension occurred more frequently in subjects taking flibanserin than in those taking placebo. All AEs experienced by subjects taking flibanserin were mild with the exception of 1 episode of moderate headache. For subjects taking placebo, all AEs were mild with the exception of 1 episode of moderate insomnia. There were no severe AEs and there were no AEs that led to study discontinuation.
Days with Alcohol Consumption
Alcoholic and nonalcoholic beverage consumption with evening meals was identical in all treatment arms and occurred over a mean duration of 22 minutes. Overall, duration of beverage consumption was somewhat shorter when a nonalcoholic beverage was provided (median duration ¼ 28e32 minutes) compared to an alcoholic beverage (median duration ¼ 44e48 minutes). All subjects consumed the maximum volume of the 2 glasses of beverage provided and alcohol dosing is estimated to be 0.4 g/kg in subjects who consumed wine with their evening meal.
No subjects experienced an instance of syncope or AEs associated with orthostatic hypotension that required medical intervention (primary end point). Further, no subjects experienced orthostatic hypotension or any other AE of interest (dizziness, somnolence, and syncope), and no subjects had missing standing blood pressure due to dizziness, light-headedness, or faintness upon change of position. Predictably, subjects only reported "feeling drunk" after having consumed ethanol with their evening meal and an equal number of subjects (n ¼ 2) experienced this AE whether they were taking flibanserin or placebo (Table 3 ).
AEs were classified as hypotension at the discretion of the investigator, based upon descriptive signs and symptoms (eg, lightheadedness or feeling faint) reported by subjects and do not necessarily correlate with hypotension assessed by blood pressure measurement. After meals with nonalcoholic drinks in the evening, more subjects reported hypotension as an AE after flibanserin treatment (n ¼ 6) than after placebo treatment (n ¼ 3; Table 3 ). Similarly, when blood pressure was measured during assessment of vital signs, hypotension (defined as <90 mmHg for systolic or <60 mmHg for diastolic blood pressure) was detected in 8 subjects after flibanserin treatment and in 5 subjects after placebo treatment (Table 4 ). This suggests that some subjects were either asymptomatic or less aware of their drop in blood pressure.
After consumption of ethanol with evening meals, the number of subjects reporting hypotension as an AE was similar in subjects treated with either flibanserin (n ¼ 3) or placebo (n ¼ 2). Again, blood pressure measurements detected greater numbers of subjects with hypotension but there was no difference between flibanserin and placebo treatment (n ¼ 5; Table 4 ).
Orthostatic increases in heart rate (!20 beats/minute) were also more prevalent in subjects treated with flibanserin after evening meals with nonalcoholic drinks (n ¼ 17; 77.3%) compared to subjects treated with placebo (n ¼ 13; 59.1%) but this was not exacerbated with ethanol intake during the evening meal (n ¼ 14; 63.6% for flibanserin vs n ¼ 12; 54.5% for placebo).
DISCUSSION
This study assessed the safety of flibanserin with ethanol when consumed in a real-world context. Study participants consumed a total of 300 mL of wine (12% ethanol content) with an evening meal and achieved an estimated ethanol dose of 0.4 g/kg. Flibanserin dosing occurred at bedtime, 2e3 hours after the evening meal, as is most likely to occur in patients who are prescribed flibanserin. It should also be noted that the effects of ethanol in this study were assessed after achieving steady-state blood levels of flibanserin.
Importantly, there were no AEs associated with orthostatic hypotension or syncope during the course of this study. These data suggest that when flibanserin is dosed at bedtime at least 2 hours after ethanol consumption, the risk for clinically significant hypotension-related AEs is mitigated. Our findings are consistent with a separate postapproval alcohol interaction study in premenopausal women in which ethanol (0.4 g/kg), consumed Sex Med 2019;7:418e424 2, 4, or 6 hours prior to daytime flibanserin dosing, did not increase rates of hypotension, orthostatic hypotension, or syncope compared to placebo. 13 The number of subjects who experienced somnolence or dizziness was greater after flibanserin dosing compared with placebo in that study but there was no consistent trend for either AE between any of the ethanol timing conditions. 13 In an earlier alcohol interaction study conducted prior to the approval of flibanserin in the United States, investigators found an increased incidence of dizziness, fatigue, sedation, hypotension, and syncope-related events in healthy subjects who were administered ethanol and flibanserin at the same time. 11 However, this earlier study was performed mostly in men (23 of 25 total subjects), and ethanol (0.4 g/kg or 0.8 g/kg) and flibanserin were dosed in the morning after an overnight fast and a light breakfast. Ethanol was consumed in concentrated form (95%) within 10 minutes. Interestingly, another postapproval study, performed in 96 premenopausal women, used a similar protocol (ie, ethanol consumed in concentrated form within 10 minutes) to study the effects of concomitant ethanol (0.2e0.6 g/kg) and a single dose of flibanserin 100 mg administered in the morning. 12 Although the number of subjects experiencing dizziness or the inability to stand for measurement of orthostatic vital signs increased when flibanserin was taken with ethanol, there were no reports of syncope or orthostatic hypotension that required medical intervention. 12 Studies using this "worst case" context are severely limited in generalizability with regard to the typical premenopausal patient with HSDD, as indicated by sociodemographic data. In a study involving 1,088 premenopausal women diagnosed with acquired, generalized HSDD at 33 clinical sites throughout the United States, the mean age of the study cohort was 37.1 ± 8.9 years, 81.8% were married or living with a partner, and 50.9% had 1 alcoholic drink per day in a typical week, whereas 37.8% either did not consume alcohol at the time of the study or had never consumed alcohol. 16 Data from phase III clinical trials for flibanserin additionally delineated that study participants were in stable, long-term relationships with a mean duration of >10 years. 17À19 In contrast, in Western cultures, extreme intake of alcoholic beverages or binge drinking has the highest prevalence during late adolescence and early adulthood and decreases with increasing age. 20, 21 In addition to the differences in sociodemographic parameters associated with lower levels of alcohol consumption in the typical patient with HSDD, it is unlikely that women with alcohol use disorders would receive a diagnosis of HSDD given the criteria that symptoms cannot be due to another disorder, including substance abuse. 22 Another important consideration in evaluating the safety of flibanserin is that data from phase I studies suggest that acute daytime dosing increases the risk of hypotension and syncope. 22 The risk of hypotension-related AEs is largely mitigated by bedtime dosing, as evidenced by the phase III trials where hypotension and syncope were 0.39% in the flibanserin-treated group vs 0.21% in the placebo-treated group, 22 AE rates that are defined as "uncommon" or "infrequent" (0.1% to <1%) by the World Health Organization. 23 Similarly, in the present study, adherence to the bedtime dosing regimen for flibanserin likely minimized AE rates.
Although this study was designed with a real-world context, it does have several limitations. These include small sample size, recruitment of healthy premenopausal women who were not assessed for HSDD, and strict adherence to dosing flibanserin within 5 minutes of bedtime, preventing the assessment of orthostatic vital signs in the hours immediately after flibanserin administration. However, it is reassuring that rates BP ¼ blood pressure. The table shows only events that occurred after alcohol intake on days 4 and 6, until taking vital signs after rising the following morning.
Sex Med 2019;7:418e424 of dizziness, hypotension, orthostatic hypotension, or syncope were not increased over those of placebo when flibanserin was dosed during the day at least 2 hours after ethanol consumption in a previous study. 13 In August 2019, the safety information for flibanserin in the US was updated to remove the alcohol contraindication and to clarify that the risk of hypotension and syncope can be mitigated by separating flibanserin bedtime dosing and prior alcohol consumption by at least 2 hours. 24 
CONCLUSION
In summary, these data demonstrate the lack of a clinically significant alcohol interaction with flibanserin when moderate amounts of ethanol are consumed with an evening meal 2e3 hours prior to bedtime dosing of flibanserin 100 mg in healthy premenopausal women without the diagnosis of HSDD. Our findings are supportive of the changes to the label for flibanserin that now permit ingestion of alcohol up to 2 hours prior to flibanserin bedtime dosing. The importance of bedtime dosing should be emphasized and postmarketing pharmacovigilance data should be helpful in assessing safety signals with increasing real-world use in patients with HSDD.
